INTRODUCTION
============

Arteriovenous fistulae (AVF) of the cavernous sinus (CS) region are rare and difficult to diagnose. The main signs and symptoms include proptosis; conjunctival hyperemia; chemosis; palsy of the II, IV, V and VI cranial nerves; ptosis; glaucoma; visual acuity reduction and headache^([@r01])^. More severe cases such as amaurosis and intracranial bleeding are also described. The arteriovenous shunt into the CS leads to in creased blood volume and stasis, increased venous pressure and, consequently, ophthalmic veins flow reversal and even reflux into cortical veins and other venous sinuses. This explains the neuro-ophthalmic alterations found in such patients^([@r02])^.

The AVF of the CS are classified according to anatomy, etiology and hemodynamics, into dural cavernous sinus fistulae (DCSF) and direct carotid-cavernous fistulae (CCF). In spite of presenting with similar symptoms, an accurate diagnosis is important, since the treatment is specific for each one of the entities.

The present essay was aimed at didactically demonstrating the classification and imaging findings of AVF of the cavernous sinus.

CLASSIFICATION
==============

Dural cavernous sinus fistulae
------------------------------

Dural AVF are anomalous direct communications between meningeal arterial branches and the dura mater or a leptomeningeal vein. Such fistulae may drain into a venous sinus, a cortical leptomeningeal vein or into a spinal vein^([@r03])^. They are rare and correspond to 10-15% of all intracranial arteriovenous lesions, with frequency in the sigmoid sinus (50%) followed by the cavernous sinus (16%)^([@r04])^. They are named according to the involved venous sinus^([@r05])^. DCSF are acquired lesions, with an incidence of 0.29 per 100,000 inhabitants/year^([@r02])^. Such fistulae occur at any age group, however they are more prevalent between the fifth and sixth decades of life and in female individuals^([@r06])^.

Direct carotid-cavernous fistulae
---------------------------------

In cases of CCF, there is a defect on the wall of the internal carotid artery (ICA) which communicates directly with the CS and, consequently, a large-volume arteriovenous shunt. Such type of fistulae may either occur after cranioencephalic trauma (CET) or may spontaneously develop after rupture of an aneurysm located in the cavernous portion of the ICA (post-traumatic or spontaneous CCF, respectively). Post-traumatic CCF represent 69-77% of cavernous sinus AVF, with a prevalence of only 0.2% in cases of CET^([@r07])^. CCF predominate in male individuals in the age range between 20 and 30 years^([@r08])^.

IMAGING DIAGNOSIS
=================

Imaging findings are very similar for both DCSF and CCF, but it is possible to differentiate them. Among the available imaging methods - orbital Doppler ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI) and digital subtraction angiography (DSA) -, the latter is considered the gold-standard for the diagnosis and classification of cavernous sinus AVF.

The patient\'s clinical history is fundamental and a very important tool for a correct diagnosis. In patients with signs and more subtle and slow-progressing symptoms, the hypothesis of a DCSF should be considered. In a patient with a history of trauma, exuberant and fast-progressing neuro-ophthalmic alterations, the hypothesis of a post-traumatic CCF should be initially considered. In patients with exuberant clinical presentation, without a history of trauma, spontaneous CCF should be considered.

Orbital Doppler ultrasonography
-------------------------------

The presence of cavernous sinus AVF is suggested by the presence of flow reversal or thrombosis in the superior ophthalmic vein (SOV) at color Doppler. At the spectral Doppler study, arterializations with low resistance flow is observed in this vessel^([@r09])^. Such signs are present both in DCSF and CCF ([Figure 1](#f01){ref-type="fig"}).

![Orbital Doppler ultrasonography. **a,b:** Female, 73-year-old patient with a diagnosis of DCSF. Exuberant blood flow is seen at color Doppler study (**a**) and is arterialized at spectral Doppler study (**b**) in the SOV. **c**: Female 58- year-old patient with a diagnosis of DCSF. Absence of flow at color Doppler in the SOV, which presents with material with median echogenicity in its interior, compatible with thrombosis.](rb-47-04-0251-g01){#f01}

Computed tomography
-------------------

At CT, it is possible to identify SOV dilatation or thrombosis, extraocular muscle thickening, and periorbital fat edema ([Figures 2](#f02){ref-type="fig"} and [3](#f03){ref-type="fig"}). Ectatic SOV is identified at the post-contrast phase in 86-100% of cases and it is one of the first signs of cavernous sinus AVF^([@r10])^.

![Contrast-enhanced computed tomography, arterial phase. Female 73- year-old patient with diagnosis of DCSF. **a:** Subtle proptosis (dashed line) and extraocular muscle thickening at right (fine arrows). **b:** Early contrast enhancement at the right SOV, which is slightly ectatic (bold arrow).](rb-47-04-0251-g02){#f02}

![Computed tomography, bone window. **a:** Female 73-year-old with a diagnosis of DCSF. Subtle proptosis at right (dashed line). **b:** Male eight-year-old patient with diagnosis of post-traumatic CCF. Subtle proptosis at right (dashed line) and sphenoid bone fracture (bold arrow). The presence of fracture in the skull base suggests a post-traumatic origin in the patient on the image **b.**](rb-47-04-0251-g03){#f03}

Because of the intensity of the arteriovenous shunt, generally with low flow in the DCSF and high flow in CCF, the enhancement of the cavernous sinus is one of the signs that may be utilized in the differentiation between fistulas. In cases of DCSF, a slower contrast uptake by the cavernous sinus will occur, while in cases of CCF it will be faster and exuberant. Additionally, the increased flow of the direct CCF frequently leads to a CS dilatation. Such findings in association with the patient\'s clinical history and presence of cranial fractures, allow for the differentiation of the fistulas between DCSF and CCF.

Intracranial hemorrhage may occur as a complication of an AVF in the CS region, and CT is the method of choice for such an evaluation^([@r11])^. Such a complication is mainly seen in cases of post traumatic direct CCF and is rarely observed in cases of DCSF. Generally, the bleeding is adjacent to the ectatic veins.

Magnetic resonance imaging
--------------------------

MRI is superior to CT in the detection of radiological signs. Minimum SOV dilation, subtle proptosis and small extraocular muscle thickening may be more easily identified by this method ([Figures 4](#f04){ref-type="fig"} and [5](#f05){ref-type="fig"}). The MRI sensitivity is enhanced by the utilization of venous injection of paramagnetic contrast, T2-weighted and SWI sequences. Thus, a better evaluation of the venous drainage and possible reflux into the dural sinuses and cortical veins is obtained.

![Encephalon MRI. **a,b:** Axial, T2-weighted sequence. **c:** Contrast-enhanced axial T1-weighted sequence. Female 21-year-old patient with diagnosis of DCSF. Extraocular muscle thickening and periorbital fat edema (thin arrows). Proptosis at left (dashed line). Flow void in the SOV (dashed arrow) compatible with increased blood flow. Early contrast enhancement and SOV dilatation (bold arrow).](rb-47-04-0251-g04){#f04}

![Encephalon MRI. **a,b:** Axial T2-weighted sequence. **c:** Axial FLAIR sequence. **d:** Contrast-enhanced T1-weighted sequence. Female 24-year-old patient with a diagnosis of spontaneous CCF. Flow void indicating high flow in the cavernous sinus and in the left SOV, which is ectatic (thin arrows). Also, observe is the increased sinus volume. Proptosis at left (dashed line). Early contrast enhancement and ectasia of both SOVs, predominant at left (bold arrows).](rb-47-04-0251-g05){#f05}

Ectatic SOV is detected by MRI both at T2-weighted sequences and at post-contrast phases, in 75-100% of the patients^([@r10])^. Early contrast-enhancement of the cavernous sinus is shown even in low flow arteriovenous shunts, as it occurs in most DCSF patients. At T2-weighted sequences, it is possible to identify the abnormal cortical venous drainage into the leptomeningeal veins and possible thromboses^([@r12])^. Like at CT, in cases of DCSF there is a slower contrast enhancement of the CS, and in cases of CCF, there is cavernous sinus dilatation and contrast enhancement is faster and exuberant. With MR angiography, early contrast enhancement of the cavernous sinus, SOV and venous drainage of the fistula is identified ([Figures 6](#f06){ref-type="fig"} and [7](#f07){ref-type="fig"}).

![Intracranial vessels MR angiography. **a:** Lateral view. **b:** Anteroposterior view. Female 73-year-old patient with a diagnosis of DCSF. Early enhancement of SOV (thin arrow) and facial vein (dashed arrow). Both are ectatic. Subtle early contrast enhancement of the right CS (bold arrow).](rb-47-04-0251-g06){#f06}

![MR angiography of intracranial vessels. **a:** Lateral view. **b:** Anteroposterior view. Female 24-year-old patient with diagnosis of spontaneous CCF. Contrast enhancement of the left cavernous sinus which is dilated, with reflux into the right CS (bold arrows). Early contrast enhancement of the SOV (thin arrow) which is dilated.](rb-47-04-0251-g07){#f07}

Typically, the cavernous sinus AVF drainage occurs into the SOV, but it may occur posteriorly to the inferior petrosal sinus (IPS). Patients with DCSF draining into the IPS present with headache and ophthalmoplegia, but without ocular alterations caused by venous congestion, impairing and delaying the diagnosis. MRI is capable of early detection of such fistulas^([@r13])^.

Digital subtraction cerebral angiography
----------------------------------------

The utilization of angiography is essential for diagnostic confirmation, anatomical evaluation and classification of cavernous sinus AVF. Angiography detects the fistula and identifies the supplying meningeal branches in DCSF ([Figures 8](#f08){ref-type="fig"} and [9](#f09){ref-type="fig"}) or ICA wall laceration in direct CCF ([Figure 10](#f10){ref-type="fig"}). This method evaluates the flow in the cavernous sinus as well as in other venous sinuses, identifying possible thrombosis or reflux into cortical veins and into other sinuses. It also identifies the venous drainage either into the SOV or into the IPS, and evaluates risk factors such as intracavernous pseudoaneurysms and reflux into cortical veins. The thera-peutic approach is based on the analysis of data obtained with the method.

![Digital subtraction cerebral angiography, arterial phase. **a:** Lateral view. **b:** Anteroposterior view. Female 69-year-old patient with a diagnosis of DCSF. Early CS contrast enhancement of the cavernous sinus (bold arrow). Observe the dilatation and early enhancement of the SOV (thin arrow). This CS fistula presented anterior drainage into the SOV and posterior drainage into IPS (dashed arrow). Observe the presence of multiple small supplying meningeal branches (bold arrow)](rb-47-04-0251-g08){#f08}

![Digital subtraction cerebral angiography, arterial phase. **a:** Right anterior oblique view. **b:** Lateral view. **c:** 3D reconstruction. Female 31-year-old patient with a diagnosis of DCSF. Early contrast-enhancement of the cavernous sinus (bold arrows) which drains to the IPS (dashed arrows). One also observes that there is no drainage through the SOV, characterizing a DCSF with only posterior drainage](rb-47-04-0251-g09){#f09}

![Digital subtraction cerebral angiography, arterial phase. **a:** Left anterior oblique view. **b:** Lateral view. **c:** Working view. Male 24-year-old patient with a diagnosis of post-traumatic CCF. Early contrast enhancement of the CS (bold arrows), which is dilated. Early drainage into ectatic SOV (thin arrows). Observe the exact point of laceration of the ICA which communicates with the CS (between the dotted arrows).](rb-47-04-0251-g10){#f10}

CONCLUSION
==========

The present essay was aimed at illustrating the main findings of cavernous sinus AVF (CCF and DCSF). Although the findings are the same at US, the analysis of CT and MRI findings allow for the classification between DCSF and CCF, while arteriography, besides being the gold-standard for the diagnosis, allows for the planning and performance of the therapeutic procedure.
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